Background
The role of nutrition in medicine has changed from being an adjunctive therapy to a sophisticated, proactive therapy. Its optimization in critically ill patients is even more important due to higher catabolic rates. It is well documented that the implementation of evidence-based nutrition protocols significantly improves clinical outcomes in this population. As such, the Society of Critical Care Medicine (SCCM) and the American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.) published "Guidelines for the Provision and Assessment of Nutrition Support Therapy in the Adult Critically Ill Patient" in 2009. 1 These guidelines offer recommendations supported by best evidence and expert opinion.
Although nutrition education has been integrated into medical school curriculums (the majority of schools providing at least 10 hours), only one-third exceed the 25 hours recommended by the National Academy of Sciences. 2, 3 A survey by Kahn 4 documented that teaching medical students alone is insufficient if they don't receive reinforcement from their residents and faculty. As such, it would seem to reason that nutrition education should be incorporated throughout one's medical education to include residency and fellowship (graduate medical education). Unfortunately, graduate medical education is in even worse shape, with a complete absence of a standardized nutrition curriculum, limited number of dedicated educational hours, and increasing duty hour limits. 5 When it comes to nutrition and the practicing physician, surveys establish that physicians' desires to educate their students and patients are hampered by their deficient understanding of nutrition. [6] [7] [8] Numerous Continuing Medical Education programs (ie, journal based, live, and web/audiobased presentations) exist; however, neither their utilization nor their success in altering physician practices has been documented. 4 Nutrition education via intermittent lectures or shotgun 1-to 2-day courses for both residents and faculty increases their knowledge of nutrition, yet long-term retention is unknown. 
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To improve our surgery residents' understanding of nutrition in the intensive care unit (ICU), we developed and initiated an aggressive nutrition education program based on the 2009 SCCM/A.S.P.E.N. guidelines. Since it has been shown that physicians are more likely to learn when faced with patient-directed problems, we integrated case studies into our curriculum. 13 The objective of this pilot study was to evaluate the effectiveness of our nutrition education program. We hypothesized that it would improve our residents' knowledge of nutrition needs in the critically ill population, both short and long term. Traditional nutrition assessment tools are not validated in critical care. A2.
Nutrition support therapy in the form of enteral nutrition (EN) should be initiated in the critically ill patient who is unable to maintain volitional intake. A3.
EN is the preferred route of feeding over parenteral nutrition (PN) for the critically ill patient who requires nutrition support therapy. A4.
Enteral feeding should be started early within the first 24-28 hours following admission. A5.
In the setting of hemodynamic compromise, EN should be withheld until the patient is fully resuscitated and/or stable. A6.
In the ICU patient population, neither the presence nor absence of bowel sounds nor evidence of passage of flatus and stool is required for the initiation of enteral feeding. A7.
Either gastric or small bowel feeding is acceptable in the ICU setting.
B.
When to Use Parenteral Nutrition B1.
If early EN is not feasible or available the first 7 days following admission to the ICU, no nutrition support therapy should be provided. In the patient who was previously healthy prior to critical illness with no evidence of protein-calorie malnutrition, use of PN should be reserved and initiated only after the first 7 days of hospitalization (when EN is not available). B3.
If a patient if expected to undergo major upper GI surgery and EN is not feasible, PN should be provided under very specific conditions. C.
Dosing of Enteral Feeding
C1.
The target goal of EN should be determined and clearly identified at the time of initiation of nutrition support therapy. C2.
Efforts to provide >50%-65% of calories should be made in order to achieve the clinical benefit of EN over the first week of hospitalization. C5.
In the critically ill obese patient, permissive underfeeding or hypocaloric feeding with EN is recommended.
D.
Monitoring Tolerance and Adequacy of Enteral Nutrition D2.
Patients should be monitored for tolerance of EN. D3.
Use of enteral feeding protocols increases the overall percentage of goal calories provided and should be implemented. D4.
Patients placed on EN should be assessed for risk of aspiration.
E.
Selection of Appropriate Enteral Formulation E1.
Immune-modulating enteral formulations should be used for the appropriate patient population with caution in patients with severe sepsis.
F.
Adjunctive Therapy F2.
A combination of antioxidant vitamins and trace minerals should be provided to all critically ill patients receiving specialized nutrition therapy. F3.
The addition of enteral glutamine to an EN regimen should be considered in burn, trauma, and mixed ICU patients. F4.
Soluble fiber may be beneficial for the fully resuscitated, hemodynamically stable critically ill patient receiving EN who develops diarrhea.
G.
When Indicated, Maximize Efficacy of Parenteral Nutrition G2.
In all ICU patients receiving PN, mild permissive underfeeding should be considered at least initially. G3.
In the first week of hospitalization in the ICU, when PN is required and EN is not feasible, patients should be given a parenteral formulation without soy-based lipids. G6.
In patients stabilized on PN, periodically repeated efforts should be made to initiate EN. I.
Renal Failure I1.
ICU patients with acute renal failure or acute kidney injury should be placed on standard enteral formulations, and standard ICU recommendations for protein and calorie provision should be followed. K.
Acute Pancreatitis K1.
On admission, patients with acute pancreatitis should be evaluated for disease severity. K3.
Patients with severe acute pancreatitis may be fed enterally by the gastric or jejunal route.
GI, gastrointestinal; ICU, intensive care unit; SCCM/A.S.P.E.N., Society of Critical Care Medicine/American Society for Parenteral and Enteral Nutrition. • NGT: 400 mL, 2 soft BMs post-op, possible VC paralysis and high-risk aspiration Nutrition risk factors or indicators of protein calorie malnutrition (PCM):
• 8% weight loss and bedridden/2 months • Intake meeting <50% of needs over the past 5 days (per nutrition screen) Indications for nutrition support therapy (enteral or parenteral):
• Predict continued NPO status >24-48 hours during workup for VC paralysis • Benefits of "early enteral nutrition"?
• Enteral nutrition to maybe prevent ileus propagated by NPO status? Estimated nutrition needs:
• 
Materials and Methods
This was a prospective observational pilot study performed in the surgical ICU (SICU) at The Methodist Hospital in Houston, Texas. The Methodist Hospital has 904 licensed beds, 73 operating suites, and 129 total ICU beds. It is a tertiary academic referral center affiliated with Weill Cornell Medical College. The Residency in General Surgery at The Methodist Hospital graduates 4 chief residents per year and supports 4 preliminary surgery resident positions at the postgraduate year (PGY) 1 and 2 levels. The SICU is a 27-bed unit that serves a diverse group of patients, including critically ill general, vascular, oncologic, transplant, thoracic, orthopedic, plastic, urologic, and head and neck surgical patients. On the basis of the SCCM/A.S.P.E.N. nutrition guidelines, we developed a nutrition education program for our surgery residents. It constituted two 1-hour lectures covering selected SCCM/A.S.P.E.N. guidelines (25 of the 49) and interactive case studies (7 in total), all instituted by our SICU dietitian (Tables 1  and 2 ). The lectures reviewed the selected guidelines and the supporting (or lack thereof) evidence. As for the interactive case studies, the residents were assigned cases and instructed to draft a formal nutrition program based on the available data. These cases (and the residents' responses) were then reviewed one-on-one with the dietitian. Surgical residents at the PGY 1 and 2 levels rotate through the SICU, all of whom participated in the program. We assessed only the PGY 1 residents for the purpose of this study as they had not been exposed to the SICU and its educational components. Pre-and posttesting (immediately following the aforementioned lectures) were performed to assess short-term comprehension of nutrition in the critically ill population. The test comprised 30 multiple-choice questions taken directly from the SCCM/A.S.P.E.N. nutrition guidelines, validated by our surgical intensivists and SICU dietitian (formal testretest procedures were not performed) ( Table 3 ). Long-term retention was assessed 3 months after the initial education program using the same test.
The primary outcome measure was surgery resident change in knowledge about nutrition in the ICU population. Numeric data are presented as mean ± standard deviation and proportions. In comparing test scores, a 1-way analysis of variance (ANOVA) analysis (Tukey-Kramer method) was performed. A P value of <.05 was significant. SPSS version 19 (SPSS, Inc, an IBM Company, Chicago, IL) was used for all statistical analyses. The collection and review of data were approved by The Methodist Hospital Research Institute Institutional Review Board.
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Results
Over 12 months ending June 2010, 8 PGY 1 surgery residents completed the nutrition education program. Their mean age was 27.8 ± 1.2 years, and 50% were male. The mean pretest score prior to the nutrition education program was 45% ± 9%, whereas the immediate posttest score (short-term retention) was 81.5% ± 5%. When long-term retention was assessed 3 months later, the mean test score was 65% ± 8%. The differences between the pretest and both the posttest and 3-month test scores were significant (P < .01).
In assessing the individual guidelines addressed, the greatest knowledge improvement occurred with the following guidelines:
• A5: In the setting of hemodynamic compromise, EN [enteral nutrition] should be withheld until the patient is fully resuscitated and/or stable.
• I1: ICU patients with acute renal failure or acute kidney injury should be placed on standard enteral formulations, and standard ICU recommendations for protein and calorie provision should be followed.
• K3: Patients with severe acute pancreatitis may be fed enterally by the gastric or jejunal route.
Conclusion
In the critically ill population, nutrition is no longer considered adjunctive and instead is viewed as a sophisticated, proactive therapy. That being said, residents have little knowledge of the nutrition needs in critically ill patients. This concept was reinforced in the current study, as evidenced by our surgery residents' poor performance on the pretest. Our nutrition education program improved both the short-term and long-term ICU nutrition knowledge of our surgery residents, as documented by persistently improved test scores 3 months following program administration. The fact that there was a significant decrease in the 3-month test scores indicates that residents might require regular reinforcement of the nutrition curriculum, such as ongoing integrated lectures throughout their residency. Scolapio et al 14 corroborated this finding in their gastroenterology (GI) fellows who participated in a nutrition education program.
THE METHODIST HOSPITAL SURGICAL INTENSIVE CARE UNIT
Although there is agreement that the nutrition knowledge and education of our trainees are woefully inadequate, how much and often to offer it have yet to be determined. In concordance with our study, Kirdak et al 11 found that a 1-day nutrition course (rapid immersion) significantly improved short-term knowledge of the participating residents (and ultimately increased the number of nutrition consultations). In contrast to such "rapid immersion" courses, another alternative is the use of intermittent lectures . . . over time. Lazarus et al 9 documented that a combination of lectures and nutrition rounds over a 6-month period resulted in a small yet significant improvement in nutrition knowledge (and the frequency of discussing nutrition with patients). Although they evaluated the behavior change among physicians following a nutrition education program, they did not address whether such changes affected patient outcomes.
In the Scolapio et al 14 study, it was also noted that physician mentors with an expertise in nutrition were critical to improving the nutrition education experience of trainees.
14 Of 53 GI fellows who participated in their course, only 43% indicated that they had a staff physician who was an expert in nutrition. Our bias is similar, in that a physician educator who is facile with nutrition knowledge will only serve to enrich and reinforce this element of one's curriculum. We believe the same can be said of one's dietitian. Our SICU dietitian was not only instrumental in the development of our nutrition education program but also served as the sole implementer. The Scolapio et al study substantiated this belief, as GI fellows indicated they were amenable to instruction from allied health staff members, to include dietitians. 14 To our knowledge, the current pilot study is the first to assess the long-term retention of nutrition knowledge following an education program. Despite this strength, our study is not without limitations. Similar to the other studies mentioned, we did not assess whether improved nutrition knowledge translated into improved patient nutrition status and/or outcome. In addition, our study was performed at a single institution, examined a small sample size, and did not (could not) account for the experiential learning that was ongoing during the course of the study.
In conclusion, surgery residents in general have little understanding of ICU nutrition (as evidenced by our pretest results). We have documented that a multifaceted nutrition education program (such as ours) improves both short-term and longterm ICU nutrition knowledge. Such a program can effectively be implemented by a dietitian. Future studies should assess the effect such education has on the clinical outcomes of ICU patients.
